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Introduction and background
===========================

Oral cancers account for 4% of all cancers in the western world \[[@REF1]\]. Squamous cell carcinoma is the most prevalent type of carcinoma affecting the buccal cavity, and mandibular involvement is seen in 49% of cases \[[@REF2]\]. Neoplastic facial changes are often disfiguring, and furthermore en-bloc oncological resection can lead to devastating cosmetic and functional deficits with resultant psychological, physical, functional and nutritional effects. Craniofacial reconstruction in such cases poses unique challenges due to the three-dimensional configuration of the proposed construct and the critical importance of restoring speech, swallowing, mastication and symmetrical facial contour. Additionally, reconstruction results are often inconsistent and learning curve dependent, making pre-operative planning difficult for reconstructive surgeons \[[@REF3]\]. Classically, mandibular reconstruction using free osteocutaneous fibular flaps was first described by Hidalgo in 1989 \[[@REF4]\], and classified by Urken (as per Figure [1](#FIG1){ref-type="fig"}), and has until recently relied mainly on the use of surgical trial-and-error and 2D imaging modalities.
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Review
======

Virtual surgical planning and computer-aided design (VSP-CAD) are novel technologies that present advantages in the planning and execution of such challenging traumatic and oncological craniofacial reconstructions \[[@REF5]\]. As with many modern surgical techniques, VSP-CAD follows a remarkably complex and sophisticated pre-operative course: VSP-CAD begins with the acquisition of a 3D rendered 64 slice high-resolution CT scan of the patient's craniofacial skeleton (Figure [2](#FIG2){ref-type="fig"}) and an angiographic CT scan of the lower leg as donor site study for bone and vessels. A web meeting between oncological surgeons, reconstructive surgeons and biomedical engineers sequentially determines a number of pre-planned operative factors: the amount of bone resection to allow an adequate oncological margin, the laterality of fibular free flap to be used (Figure [3](#FIG3){ref-type="fig"}), the number and obliquity of osteotomies required to shape the fibula to fill the exact mandibular defect post-osteotomy. Virtual predictive plans of customised reconstructive plate in-setting (Figure [4](#FIG4){ref-type="fig"}), screw-hole position (Figure [5](#FIG5){ref-type="fig"}), and cutting-plate position in relation to the remaining mandible and craniofacial skeleton (Figure [6](#FIG6){ref-type="fig"}) are all derived from the pre-operative multidisciplinary web meeting.
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A number of reported functional benefits of VSP-CAD include increased reconstructive accuracy, more efficient use of theatre time, and an overall reduction in flap ischemia time \[[@REF6],[@REF7]\]. Subjective benefits of VSP-CAD include improved patient and surgeon satisfaction being reported \[[@REF8]\]. Furthermore, precise preoperative planning and communication between the oncologic and reconstruction teams have previously been limited by the lack of accurate data regarding the anatomy of the lesion, precise margins of resection, and anatomy of the graft recipient site \[[@REF9],[@REF10]\]. Prior to VSP-CAD application, such obstacles to efficiency only revealed themselves in the operating room mid-procedure, when surgeons had to depend on two-dimensional imaging modalities such as X-ray to make three-dimensional estimates. Thus, for a procedure requiring a high degree of precision for optimal orthognathic and aesthetic outcomes, craniofacial reconstructive success has historically been hindered by prolonged intraoperative time and suboptimal reconstructions \[[@REF7],[@REF9]\]. VSP-CAD seems to offer a resolution to increased multidisciplinary communication, enhanced cooperation between surgical teams, better pre-operative planning, and the ability to customise models to patient's individual characteristics, whilst offering potential for considerable intra-operative time saving \[[@REF3]\]. With these factors being considered, VSP-CAD seemingly offers significant benefits for use in complex oncologic osseous head and neck reconstruction by fostering the above surgical factors.

Additionally, as VSP-CAD offers the resecting surgeon with pre-operative three-dimensional CT visualisation of the lesion margins and a comprehensive plan from the reconstructive team, the surgeon may be more inclined to plan liberal resection margins initially, thus potentiating decreased local recurrence rates and intraoperative time \[[@REF3]\]. Similarly, reconstructive planning may be better performed by reconstructive surgeons with advance knowledge of the resection plan. Technological refinements in the VSP-CAD interface have become progressively more user-friendly for application by both the resecting and reconstructive surgeons, allowing adoption of this technology and coordinated pre-operative planning to increase in more centres worldwide \[[@REF5]\]. For the above reasons, VSP-CAD is rapidly gaining traction for a range of surgical applications ranging from trauma to oncologic reconstruction, and seems to have a logical role in future surgical planning.

Conclusions
===========

We propose that using virtual surgical planning and computer-assisted design for craniofacial reconstruction after ablative oncological surgery significantly improves the functional and cosmetic results, allowing for accurate recovery of function and facial contour. This novel surgical technique also has the potential to decrease length of time taken in Irish operating rooms to perform craniofacial surgical reconstruction, without compromising results.
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